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E\PHOWLQJWKHSODVWLFWKURXJKDKHDWLQSXWLQWRWKHPHWDOMRLQWDQGWKHIROORZLQJZHWWLQJZLWKWKHPHWDOVXUIDFH7KH
MRLQLQJ PHWKRG FDQ EH VHHQ DV D IDVW IOH[LEOH DQG UHOLDEOH SURFHVV WR FRQQHFW WKH WZR GLIIHUHQW PDWHULDOV
&HQLJDHRQDLGLDHWDO
7RDFKLHYHKLJK MRLQWTXDOLWLHV D VXUIDFHSUHWUHDWPHQWRI WKHPHWDO LVYLWDO +HFNHUW DQG=DHK6HYHUDO
UHVHDUFKHUVXVHGDODVHUVXUIDFHSUHWUHDWPHQWRQWKHPHWDOZLWKSXOVHGODVHUUDGLDWLRQIRUHQKDQFLQJWKHPHFKDQLFDO
SURSHUWLHV RI WKH K\EULG MRLQW &XUUHQW ZRUN KDV VKRZQ WKDW MRLQW VWUHQJWKV FRPSDUDEOH WR WKRVH E\ DQ
HOHFWURFKHPLFDO VXUIDFH SUHWUHDWPHQW VXFK DV DQRGL]LQJ DQG HWFKLQJ FDQ EH DFKLHYHG ZLWK ODVHUVXUIDFHSUH
WUHDWPHQW .XUWRYLF  5HFKQHU  6SDGDUDR HW DO  /DPEHUWL HW DO  )RU SURFHVVLQJ WKHPHWDO
VXUIDFHZLWK SXOVHG ODVHU UDGLDWLRQ WZRGLIIHUHQWPHWKRGV H[LVW2Q WKHRQHKDQG WKH ODVHU SXOVHV DUH XQLIRUPO\
DUUDQJHG LQ DQ RYHUODSSLQJ FRQILJXUDWLRQ%\PHOWLQJ HYDSRUL]DWLRQ DQG WKH UHVXOWLQJ YDSRXU SUHVVXUH D FKDRWLF
PLFURVFRSLFPHOWVWUXFWXUHLVDFKLHYHGZKLFKLVFKDUDFWHUL]HGE\DVHULHVRIVSKHULFDOPHOWGURSV7KHGLPHQVLRQV




DUH GHILQHG *URRYH VWUXFWXUHV ZHUH PDQXIDFWXUHG E\ $PHQGHWDO $PHQGHWDO
5RGUtJXH]HWDODQG6FKULFNHUHWDO
<HWWKHUHVHDUFKLVIRFXVHGRQWKHLPSURYHPHQWRIWKHPHFKDQLFDOVWUHQJWKEHWZHHQPHWDODQGSODVWLF+RZHYHU
IRUVHYHUDO WHFKQLFDODSSOLFDWLRQVRWKHU MRLQWSURSHUWLHVVXFKDV WKHVHDO WLJKWQHVVDJDLQVW IOXLGVRUJDVHVFDQEHRI
LPSRUWDQFH5RHVQHUDFKLHYHGDWLJKWQHVVDJDLQVWSHUPDQHQWLPPHUVLRQLQZDWHUE\MRLQLQJWXEXODUVWHHOSDUWV





$OXPLQXP $/ DOOR\ RI WKH W\SH (1$:$ ZDV XVHG DV WKH PHWDO MRLQLQJ SDUWQHU 7KH PDWHULDO LV
FKDUDFWHUL]HGE\JRRGIRUPDELOLW\DQGORZPHFKDQLFDOVWUHQJWK)RUWKHUPDOMRLQLQJZLWKDWKHUPRSODVWLFPDWHULDO
QDWXUDO SRO\SURS\OHQH 33 ZDV FKRVHQ 33 LV FKDUDFWHUL]HG E\ D ORZZDWHU SHUPHDELOLW\ DQG FKHPLFDO VWDELOLW\
6DHFKWOLQJDVZHOODVDORZSULFH)XUWKHUWHFKQLFDOSURSHUWLHVRIWKHPDWHULDOVDUHOLVWHGLQ7DEOH
7DEOH0DWHULDOSURSHUWLHVRIDOXPLQXPDQGQDWXUDOSRO\SURS\OHQH
3DUDPHWHU 8QLW (1$:$ 33
'HQVLW\ JFPñ  
7HQVLOHVWUHQJWK 03D  
7KHUPDOH[SDQVLRQFRHIILFLHQW .  
2.2. Laser surface structuring of the aluminum 




7ZR GLIIHUHQW VXUIDFH VWUXFWXUHV KDYH EHHQ PDQXIDFWXUHG )LUVWO\ VWRFKDVWLF VWUXFWXUHV ZHUH FUHDWHG E\
RYHUODSSLQJWKHSXOVHVLQWKHIRFDOSODQHLQERWKGLPHQVLRQV)LJD




























E    
7KHXWLOL]HGODVHUSDUDPHWHUVIRUWKHVXUIDFHSUHWUHDWPHQWDUHOLVWHGLQ7DEOH
7DEOH/DVHUSDUDPHWHUVIRUVXUIDFHSUHWUHDWPHQWRIDOXPLQXPIRUWKHVWRFKDVWLFDQGWKHJURRYHVWUXFWXUH
3DUDPHWHU 8QLW 6WRFKDVWLFVWUXFWXUH *URRYHVWUXFWXUH
3XOVHHQHUJ\ P-             
+DWFKGLVWDQFH P             
5HSHWLWLRQV              
&XPXODWLYHHQHUJ\ -FPð             
2.3. Thermal joining of the laser structured specimens and mechanical test 
%RQGLQJRI$/DQG33ZDVSHUIRUPHGE\ODVHUEDVHGKHDWFRQGXFWLRQMRLQLQJ)RUWKLVSXUSRVHWKHVSHFLPHQV
ZHUHFODPSHGDQGFRPSUHVVHGE\DIRUFHRI17KH$/ZDVLUUDGLDWHGE\DVLQJOHPRGH<EILEUHODVHUWRKHDW




XVHG IRU WKH MRLQLQJ SURFHVV 6HFRQGO\ F\OLQGULFDO 33 VSHFLPHQV ZHUH MRLQHG WR WXEXODU $/ SDUWV DV VKRZQ LQ
)LJE7KH$/VSHFLPHQVH[KLELWDJDVUHVHUYRLULQFOXGLQJWZRKROHV2QHKROHZDVVHDOHGE\WKH33DQGXWLOL]HG
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)LJ7KHUPDOMRLQLQJRIVSHFLPHQVIRUDWHQVLOHVKHDUVWUHQJWKWHVWDQGEJDVWLJKWQHVVWHVW
7KUHH VSHFLPHQVRI HDFK ODVHU VXUIDFH VWUXFWXUHZHUHPDQXIDFWXUHG WR WHVW WKHJDVWLJKWQHVV7KH WHQVLOH VKHDU
VWUHQJWKZDVFDOFXODWHGIURPWKHEUHDNLQJIRUFHGLYLGHGE\WKHRYHUODSSLQJDUHD6L[VDPSOHVRIHDFKW\SHRIODVHU
VXUIDFH VWUXFWXUHZHUHXVHG WRFDOFXODWH DQDYHUDJH MRLQW VWUHQJWKZKHUHE\HLWKHU WKUHH VSHFLPHQVZHUH IUDFWXUHG
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
)LJ6FKHPDWLFLOOXVWUDWLRQRIJURRYHVWUXFWXUHVDQGGHILQLWLRQRIJURRYHGHSWK
2.5. Gas-tightness test 
7KH JDVWLJKWQHVV RI WKH K\EULGH $/33 MRLQWV ZDV LGHQWLILHG E\ D KHOLXP OHDN WHVW UHIHUULQJ WR








3.1. Analysis of the aluminum surface topology and wetting with the polypropylene 














7KH 6(0 LPDJHV RI WKH JURRYH VWUXFWXUHV )LJ LOOXVWUDWH DQ LQFUHDVH LQ VWUXFWXUH GHSWK GHSHQGLQJ RQ WKH
FXPXODWLYH HQHUJ\ 7KHPDWHULDOZDVPDLQO\ YDSRULVHG E\ WKH ODVHU UDGLDWLRQ ,Q DGGLWLRQ UHVROLGLILHGPHOWZDV




7KH UHVXOWV IRU WKHPHDQURXJKQHVV LQGH[5DRI WKHVWRFKDVWLFVWUXFWXUHV LQGHSHQGHQFHRI WKH ODVHUHQHUJ\DUH
VKRZQLQ)LJD7KHYDOXHVZHUHFDOFXODWHGE\DQDYHUDJHRIILYHURXJKQHVVOLQHVDORQJWKHVXUIDFH(DFKJUDSK
LQ WKH SORW LV DVVRFLDWHGZLWK D VSHFLILF SXOVH HQHUJ\ DQG KDWFK GLVWDQFH$PLQLPXPPHDQ URXJKQHVV LQGH[ RI
PZDVPHDVXUHG IRUDFXPXODWLYHHQHUJ\RIDERXW-FPðDWDSXOVHHQHUJ\RIP-DKDWFKGLVWDQFHRI
PDQGRQH UHSHWLWLRQ ,QFUHDVLQJ WKHQXPEHURI UHSHWLWLRQVRU WKHSXOVHHQHUJ\DVZHOODV ORZHULQJ WKHKDWFK




DQG DPRUH FOHIW VXUIDFH WRSRORJ\7KHPHDQ URXJKQHVVRI XS WRPZDV DFKLHYHG DW -FPð IRU DSXOVH
HQHUJ\RIP-DKDWFKGLVWDQFHRIPDQGIRXUUHSHWLWLRQV





VDPH FXPXODWLYH HQHUJ\ FDXVHG DOPRVW LGHQWLFDO UHVXOWV IRU WKH JURRYH GHSWK )RU H[DPSOH D VWUXFWXUH GHSWK RI
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JURRYHV)LJH
7KH IRUPDWLRQ RI DLU SRFNHWV LQ EHWZHHQ WKH 33 DQG WKH VWRFKDVWLF VWUXFWXUHV ZDV LQIOXHQFHG E\ WKH VXUIDFH
URXJKQHVV)LJVKRZVWKHDLUSRFNHWVLQGHSHQGHQFHRIWKHFXPXODWLYHHQHUJ\/RZPHDQURXJKQHVVYDOXHVOHGWR
QRRURQO\DIHZDQGYHU\VPDOODLUSRFNHWVDVVKRZQLQ)LJD,QFUHDVLQJWKHDPRXQWRIHQHUJ\DQGWKHVXUIDFH
URXJKQHVV FDXVHG ODUJHU DLU SRFNHWV )LJ E DQG F $V D FRQVHTXHQFH WKH KLJKO\ FOHIWHG VXUIDFHV IRU VXFK
FXPXODWLYHHQHUJLHVKLQGHUWKHXQLIRUPZHWWLQJRIWKH$/VXUIDFHE\WKH33
)LJ6WRFKDVWLFVWUXFWXUHVDQGZHWWLQJRISRO\SURS\OHQHGHSHQGLQJRQFXPXODWLYHHQHUJ\(FXP0
3.2. Gas-tightness of the hybrid joints 








-FPðZHUHJDVWLJKW )LJDQGD)RU WKRVHVSHFLPHQV WKH33 IXOO\ZHWWHG WKH$/VXUIDFHZLWKRXW WKH
IRUPDWLRQRIODUJHDLUSRFNHWV*DVWLJKWQHVVZDVWKHUHIRUHJLYHQEHIRUHDQGDIWHUWKHFOLPDWHFKDQJHWHVWVEHFDXVH















3.3. Mechanical strength of the hybrid joints 




ZLWK WKH VXUIDFH URXJKQHVV $ PD[LPXP MRLQW VWUHQJWK RI 03D ZDV DFKLHYHG DW DQ HQHUJ\ RI -FPð
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,QFUHDVLQJ WKH VXUIDFH URXJKQHVV DQG VL]H OHG WR HQKDQFHGPHFKDQLFDO LQWHUORFNLQJ EHWZHHQ WKH 33 DQG WKH SUH
WUHDWHG $/ VXUIDFH ,Q DGGLWLRQ LW LV DVVXPHG WKDW WKH IRUPDWLRQ RI D WKLFN SRURXV R[LGH LQFUHDVHV WKH VSHFLILF
DGKHVLRQZKLFKFDXVHVDKLJKHUMRLQWVWUHQJWK.XUWRYLF$IWHUWKHFOLPDWHFKDQJHWHVWVDOOVSHFLPHQVZLWKD
VWRFKDVWLFVWUXFWXUHH[KLELWHGD VOLJKWO\GHFUHDVHG WHQVLOHVKHDU VWUHQJWK7KH MRLQW VWUHQJWKZDVE\XS WR03D
ORZHUDWDFXPXODWLYHHQHUJ\RI-FPð
7KHVSHFLPHQVZLWKWKHJURRYHVWUXFWXUHVH[KLELWHGWKHKLJKHVWMRLQWVWUHQJWKIRU-FP/RZHUJURRYHGHSWKV
ZKLFK UHVXOWHG IURP HQHUJLHV DW -FP OHG WR D GHFUHDVH LQ MRLQW VWUHQJWK 7KH JURRYHV PDQXIDFWXUHG ZLWK
-FPH[KLELWHGDQLQFUHDVHGJURRYHGHSWKRIXSWRPDQGHTXDOJURRYHZLGWKVLQFRPSDULVRQWR-FP
+RZHYHU D VOLJKW GHFUHDVH LQ MRLQW VWUHQJWK IURP -FP WR -FP ZDV REVHUYHG ,W LV EHOLHYHG WKDW WKH
SDUWLFXODUO\ IRUPHG EXUUV DW -FP VKRZLQJ DQ XQGHUFXW OHG WR HQKDQFHG PHFKDQLFDO LQWHUORFNLQJ DQG LQ
FRQVHTXHQFHWRWKHKLJKHVWVKHDUVWUHQJWKV)LJG6LPLODUWRWKHVWRFKDVWLFVWUXFWXUHVWKHWHQVLOHVKHDUVWUHQJWK
GHFUHDVHGDIWHUWKHFOLPDWHFKDQJHWHVWE\XSWR03D,Q$PHQGHWDODFRPSDUDEOHFOLPDWHFKDQJHWHVW
ZDV SHIRUPHG ZLWK VLPLODU JURRYH VWUXFWXUHV EXW SRO\DPLGH LQVWHDG RI 33 7KLV OHG WR D KDOYLQJ LQ PHFKDQLFDO
VWUHQJWK7KHDXWKRUV FDPH WR WKH FRQFOXVLRQ WKDW WKHGHFUHDVHZDVPRVW OLNHO\ FDXVHGE\SK\VLFDO DQG FKHPLFDO




x $/ VSHFLPHQV ZHUH SUHWUHDWHG E\ SXOVHG ODVHU UDGLDWLRQ PDQXIDFWXULQJ VWRFKDVWLF DQG JURRYH VWUXFWXUHV
6XEVHTXHQWO\ ODVHUEDVHGWKHUPDOKHDWFRQGXFWLRQMRLQLQJZDVDSSOLHGWRERQGWKH$/ZLWKWKH33LQRUGHU WR
FUHDWHJDVWLJKWMRLQWV
x 7KHPLFURVFRSLF URXJKQHVVRI WKH VWRFKDVWLF VWUXFWXUHV FRUUHODWHVZLWK WKH FXPXODWLYH ODVHU HQHUJ\ DSSOLHG ,Q
DGGLWLRQDSRURXVR[LGHOD\HULVJHQHUDWHGZKLFKWKLFNHQVDWWKHVDPHWLPH+LJKOHYHOVRIFXPXODWLYHHQHUJ\DQG
























+RVH 5  /DVHUREHUIOlFKHQYRUEHKDQGOXQJ ]XU9HUEHVVHUXQJ GHU$GKlVLRQ XQG$OWHUXQJVEHVWlQGLJNHLW YRQ$OXPLQLXPNOHEXQJHQ 3K'
7KHVLV$DFKHQ6KDNHU9HUODJ
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.DZDKLWR<7DQJH$.XERWD6.DWD\DPD6'HYHORSPHQWRI'LUHFW/DVHU-RLQLQJIRU0HWDODQG3ODVWLF,Q,&$/(2
&RQJUHVV3URFHHGLQJSS±
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